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Æ(t   nT ) of period T and  de-
notes the kicking strength of the light eld.
The Schrodinger equation together with the Hamilto-
nian, Eq. (3), determines the state j(t) i at time t. Due
to the sequence Æ
T

























connecting the state j
N
i  j(NT )i immediately after
the N{th kick with the state j
N 1
i after the kick N  
1. Throughout the paper we focus on the momentum
wave function (p; t)  hpj(t)i. With the help of the





(z) exp (il) in terms of
Bessel functions J
l




























Here we have introduced the phase (p)  p
2
T=(2m~)





. When we iterate this recurrence relationN times we
obtain a wave function with a rather complicated behav-
ior of phases. This feature is due to the quadratic phase
factor (p) arising from the free time evolution between
the kicks.
In order to measure the phase of a wave function we
need an interferometric scheme with a reference phase.
In our proposal we use the superposition (j 1 i+ j 2 i)=
p
2
between the internal states j 1 i and j 2 i of the atom. The
level j 1 i is associated with the motion of the kicked rotor
whereas j 2 i provides a reference. The initial state




[j 1 i+ j 2 i] j
0
i (6)
of the complete system consists of the internal states and
the state j
0
i of the center{of{mass motion.
In our reconstruction method the two internal states








Hj 1 ih 1 j+
^
Hj 2 ih 2 j
i
j	(t) i (7)





[j 1 ij(t) i+ j 2 ij'(t) i] : (8)
Indeed, atoms in the upper state feel the dynamics of










FIG. 2: Monte{Carlo{Simulation (left column) of the holo-
graphic method for the state reconstruction of the kicked rotor
after N = 1; 2 and 5 kicks. For each value of N we represent
the state by the amplitude (top) and the phase (bottom) of
the momentum wave function. For comparison we also show
the exact functions (right column). For the reconstruction of
the momentum wave function we use a grid of 4096 points
and M = 10
6
simulated measurement events.
obtained by propagating j
0
i with the Hamiltonian
^
H.
In contrast, atoms in the reference state j 2 i experience
the Hamiltonian
^
H giving rise to the state j'(t) i:
We now turn to the readout of the wave function. For
this purpose we apply after N kicks a nal Æ{function
kick with a linear potential V
P
(x) = Px to the atom in
j 2 i, that means a nal laser pulse shifts the momentum
wave function of state j 2 i in order to measure the wave





























































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































4serve as the weight function for a random number gen-
erator which simulates a single measurement event. The
distributions emerge from M measurement events, that
is measurements of M single atoms. In the nal step,
these histograms are used to reconstruct an individual
peak of the state to be reconstructed with the help of
Eq. (16). This procedure is repeated until all signicant
peaks of the kicked rotor's momentumwave function have
been reconstructed. In Figs. 2 and 3 we show the results









T~=m = 15. The width of
the initial momentum wave function is  = 0:1~k
0
.
Figure 2 displays amplitude and phase of the kicked
rotor after N kicks in a comparison between the exact
(right column) and the reconstructed (left column) ver-
sion. We emphasize that the holographicmethod resolves
very well details of the phase portrait.
Figure 3 compares the two methods based on the -









i and the original state j 
N
i of the
kicked rotor after N kicks. The holographic method has
a small advantage over the method of self{interference:
The delity of the reconstructed state is larger, at least
for the used parameter regime. Moreover, the holo-
graphic method relies on fewer measured distributions.










once per each single peak of the whole state, whereas
with the method of self{interference it is necessary to
record these distributions for each reconstructed point of
the searched wave function. However, the initial state
must be known for the holographic method.
We now turn to a brief discussion of a possible experi-
mental implementation of our reconstruction scheme but
emphasize that all the ingredients are already in opera-
tion. We choose the (6S
1=2
; F = 3) and (6S
1=2
; F = 4)
hyperne levels of cesium with a level splitting of approx-
imately 9:2GHz for the reference state j 2 i and the state
j 1 i, respectively. Two co-propagating Raman pulses cre-





) denotes the transition frequency be-
tween j 1 i (j 2 i) and an excited electronic state. In the





)=2 and j 1 i and j 2 i evolve in potentials
which only dier in a {phase shift. In the holographic
method we pass a laser beam at !
2
through an electro{





; : : : on the carrier. An absorption cell
with a Doppler prole smaller than !
m
strips the carrier
but leaves the sidebands unchanged. For example, in ce-
sium we can take !
m
=(2) = 4GHz. Finally, we split the
beam to create the standing wave. Since the sidebands
are tuned symmetrically to the red and blue side of the
resonance there will be no eect on the reference state
but j 1 i will experience a standing wave potential. For
example in cesium the dominant term will be detuned
9:2GHz   4GHz = 5:2GHz from resonance. The same
technique can be used for the nal kick in the readout
stage. However, in this case we create sidebands around
!
1
. In this way we can make an accelerating standing
wave that will only aect j 2 i. Finally, we drive a Ra-
man transition using a =2{pulse to detect the atoms in
the reference state.
We conclude by summarizing our main results. We
have proposed two experimentally feasible methods to
measure the wave function of the kicked rotor in ampli-
tude and phase. Both methods rely on atom interfer-
ometry, that is interference between the center{of{mass
motions in the two internal states. In this way we bring
to light the convoluted behavior of the phases which are
at the heart of the phenomena of dynamical localization
and the quantum resonances.
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